In the domain of research related to nuclear reactor shielding, an important objective is the design of effective and economical radiation shielding arrangements for various reactor systems.
An often-used criterion is minimization of shielding weight. The problem is closely related with the overall design optimization of power reactors, and requires simultaneous consideration of radiations due to neutrons, as also primary and secondary g -rays. We know from radiation shielding theory that light materials thermalize fast neutrons, while g-radiation is attenuated by heavy materials.
This leads to the expectation that a suitable combination of light and heavy materials should be conducive to the most effective shielding design. This is the basis on which most shielding optimization studies have been made in the past for various kinds of radiation.
Earlier studies in this field were based on analyticalm(1)~(5) and semi-analytical approaches(6)~ (9) In this paper, emphasis is placed in the application of this procedure to quick surveys and design optimization on multi-layer radiation shields, based on which a program named OPTMAN has been derived . The principle preoccupation in developing this code was economy of computing time and storage capacity required of the computer in the shielding calculation.
Matrix method is adopted as means for evaluating the performance of the obtained design. Table  1 and Fig. 1 for a two-layer configuration, it is expressed, as depicted in Fig. 3 by 
Description of OPTMAN
The flowchart of OPTMAN, the conversational program developed for multi-layer shield design, is shown in Fig. 4 (1) Change of layer thickness (2) Insertion of a new layer (3) Deletion of a layer
The design process is terminated by the user after a number of trials and errors, when he judges he has attained his objective in respect of shielding performance. In carrying out the foregoing design procedure, it should be useful to follow certain rules that are conducive to quicker results. Generally speaking, the effectiveness of operations of this type is improved by the adoption of simple explicit or implicit heuristic rules.
Such useful rules of thumb should become established after sufficient experience with the system, while more generally, rules inherent to particular problems should have to be found out by the individual users.
III
RESULTS AND DISCUSSION Table  3 .
( 1) Mono-layer Configuration Figure 5 (a) shows how the iron layer can attenuate primary g-rays but is ineffective in shielding thermal neutrons. The generation of secondary g-rays from the incoming neutrons should be noted. In contrast, water provides much greater attenuation of neutrons, and the generation of secondary g-rays is negligibly small, as seen from Fig. 5(b) . Water, however, is a poor shield for g-rays.
( 2 ) Bi-layer Configurations In the iron-water configuration shown in Fig. 6(a) , the iron and water layers respectively contribute to attenuating the primary gamma and neutron radiations.
But with this arrangement the water layer does not serve in preventing the generation of secondary g -rays in the iron layer, which detracts from the performance of this configuration.
In the water-iron arrangement depicted in Fig. 6(b) , generation of the secondary g-ray in the iron layer is effectively suppressed. Comparison of these two results evidences the importance of considering the secondary g-rays in dealing with shielding design. Table 3 Neutron and g-group energy structures and flux spectra used in this study The above results reveal that : (1) The location of the iron layer has a vital effect on the secondary g-rays,
(2) the minimum dose rate is found at a position where the emerging radiation is dominantly composed of primary g-rays, and (3) the intensity of primary g-rays penetrating through the shield depends little on the position of the iron layer in the shield.
Optimization
The procedure developed in this work was also applied to the direct optimization of multi-layer shield design.
The search for a configuration that would minimize the overall weight was carried out in conversational mode. Figure 9 retraces the process of trial and error pursued in a numerical example which sought to minimize the overall weight of an iron and water shield under the constraint of 2.5 mrem/hr does limit on the emerging radiation.
A weight reduction of 1% is seen to have been obtained after a score of reduction cycles, though the starting design had been carefully selected on the basis of parametric study. It is also possible to account automatically for the effect of the secondary g-rays by treating the neutron and gamma-radiations simultaneously. The accuracy of the matrices produced by the Sn calculation technique is satisfactory except for the neutron-g submatrix of the water slab. To avoid excessive accumulation of numerical error, it is advisable to prepare several different standard matrices for different thickness of the same material.
In the present instance, the accuracy and consistency of the matrices produced Retracing the procedure of optimization has also demonstrated the utility of the conversational design procedure, though the problem treated in this work was not very realistic.
The present study has taken up case where the theory of the matrix method is directly applicable.
In more general cases, in which this method is no longer relevant, some alternative method should have to be considered, including the extension of the matrix method to the evaluation of shield design performance.
